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During Fire Disasters Resulted from Sudden Earthquake

LI Wenqgian, CHEN Zijia, WU Yunting
(School of Economics and Management , Tianjin Chengjian University, Tianjin 300384, China)

Abstract: Sudden earthquakes pose enormous risks, often accompanied by secondary disasters such as fires. It is
particularly important to reasonably organize the evacuation of people, effectively reduce congestion and stampede
accidents, and improve the evacuation efficiency of people in response to the disaster when the fire disaster breaks
out. The Pathfinder evacuation software was used to simulate the emergency evacuation of the personnel in an office
building in China when an earthquake-induced fire occurred. The evacuation scenario under different parameter
settings such as personnel behavior, personnel speed, and personnel proportion was studied by using the control
variable method. The results indicate that the personnel speed and personnel proportion are the major factors
affecting personnel evacuation. Increasing the personnel speed or reducing the proportion of the elderly will shorten

the evacuation time, but increasing the personnel speed or changing the personnel proportion to a certain limit will
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gradually weaken the influence. The research put forward the delay evacuation strategy during fire disasters, which

has a good reference value for optimizing the personnel escape behavior and standardizing the emergency

evacuation management in densely populated areas.

Keywords: Sudden earthquake; Fire disaster; Emergency management; Pathfinder simulation; Personnel

evacuation; Evacuation time
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Table 1 Number of evacuees
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Table 2 Initial personnel parameters '

INGES N GUHEE/(mes™) NG A1/ (%)
DM 1.35 40
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PREEN 0.8 20
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Table 3 Initial evacuation time under different conditions
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Exited: 0/620

Density
(oces/m™2)

K4 ANRBTEUTG

Fig.4 Beginning of personnel evacuation
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Table 4 Evacuation time under various conditions after increasing personnel speed

AR e L A/ B TO0
(%) 1 2 3 4 5 6 7 8 9 10 11 12 13
0 539.8 5285 537.0 5640 5445 5658 506.8 6103 4925 601.3 4755 544.0 480.0
1 510.5 5080 518.8 5583 5555 551.0 496.8 604.8 477.8 5723 4720 531.5 4683
2 527.0 5160 517.0 540.5 538.0 5493 490.0 602.8 4893 576.0 4750 525.0 466.8
3 5135 4963 507.0 5528 542.0 557.8 4920 597.0 471.8 569.0 464.8 539.0 480.0
4 516.0 521.8 533.8 5560 530.8 539.8 499.3 578.8 480.5 556.8 4620 519.5 460.5
5 504.5 5045 517.0 5573 5245 530.8 487.0 587.0 4618 577.8 460.8 520.0 4813
6 4883 4883 491.8 5335 533.0 531.8 481.8 577.8 467.3 5635 452.8 5133 4498
7 489.0 489.0 4945 530.8 517.3 5183 477.0 5613 464.8 5458 4473 513.0 4523
8 502.0 502.0 519.8 5360 531.8 519.8 4753 5643 4580 547.8 4503 502.3 446.0
9 482.0 486.5 496.0 527.0 5140 5258 4723 5693 4565 553.8 449.0 514.8 4443
10 4773 4793 5045 5123 513.8 5183 460.8 570.0 453.0 5358 4483 4963 4425
11 489.5 498.0 499.5 490.0 504.3 509.5 464.5 559.0 4503 5355 4345 4905 4453
12 4983 4835 4758 490.0 508.5 501.8 449.3 550.8 441.8 5325 431.8 4853 439.0
13 463.0 496.8 488.0 496.0 475.8 504.5 4583 5523 4415 526.8 4265 4713 4265
14 469.8 4725 457.0 501.0 493.0 490.0 448.8 5488 437.8 529.5 4363 4843 4233
15 4753 4753 4483 481.8 501.5 4763 4645 541.8 4365 5215 4250 4748 4223
16 451.0 4463 4525 4855 489.5 4920 4405 540.0 4385 521.0 4225 4665 429.3
17 4523 4523 467.0 497.8 482.8 4778 4375 5278 4288 5000 4223 479.0 4125
18 476.8 490.8 475.0 4923 4768 4740 4383 5263 430.0 5033 4113 4718 4255
19 446.5 4293 4273 4640 467.8 4820 4335 5235 4163 5055 406.8 4423 4133
20 463.8 461.5 4505 4633 461.0 4735 4250 5263 4193 5065 4125 4448 410.0
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Table 5 Comparison of total evacuation time of Plan 1 before and after adjustment under various conditions

W T s

1 2 3 4 5 6

7 8 9 10 11 12 13

JHAEET  539.8  528.5 537.0 564.0 5445 565.8
PWEGS 5103 5103 5213 5300 5403 534.0

506.8 6103 4925 6013 4755 544.0 480.0
4733 5903 4915 5535 4835 528.0 470.5
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Table 6 Evacuation time of Plan 1 under various conditions after increasing personnel speed
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Fig.10 Influence of speed changes on evacuation time (Plan 1)
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Table 7 Comparison of total evacuation time of Plan 2 before and after adjustment under various conditions

BT s
K&
1 2 3 4 5 6 7 8 9 10 11 12 13
PaEE T 539.8 5285 537.0 5640 5445 5658 5068 6103 4925 6013 4755 544.0 480.0
VEk Y 498.0 4985 4958 541.8 540.0 540.0 485.0 584.0 4995 560.5 4785 5375 4743
RS ARCHRESAREERETIRREE
Table 8 Evacuation time of Plan 2 under various conditions after increasing personnel speed
R LA BT s
(%) 1 2 3 4 5 6 7 8 9 10 11 12 13

0 498.0 498.5 4958 541.8 540.0 540.0 4850 584.0 4995 560.5 4785 5375 4743

1 501.8 501.8 486.8 541.5 5073 5343 467.8 5913 5025 561.0 4835 5285 471.8

2 487.3 4873 4928 5303 5105 5253 4683 572.8 489.0 547.0 4763 5223 473.0

3 496.0 496.0 490.8 5373 5158 518.5 4658 568.5 484.0 5473 4715 5165 470.8

4 506.3 506.3 4943 521.8 511.8 520.0 4573 5625 490.0 551.0 4703 517.0 4635

5 488.8 486.0 493.0 522.0 502.0 504.0 451.8 559.8 4940 5313 4713 5113 4613

6 482.0 474.0 4760 5183 5063 4983 4573 551.8 4835 530.0 468.0 512.0 463.8

7 467.5 468.5 483.8 503.8 4940 5023 451.0 5423 480.0 524.8 4658 503.8 4513

8 469.5 468.8 480.8 509.5 4988 511.5 447.0 5473 472.0 532.8 4445 489.3 4435

9 461.5 4728 4658 5085 4843 5045 4453 540.8 4673 523.0 4505 497.8 443.0

10 4543 4533 4528 4863 479.0 4945 448.0 537.0 460.0 5143 4553 487.8 4518

11 461.0 458.8 448.8 489.0 488.8 481.3 427.8 531.8 4613 5143 4503 482.0 4343
12 4525 4525 4310 4845 468.8 4933 438.0 5283 4625 501.3 4413 4953 4385

13 443.8 4438 4453 4848 467.0 4775 4348 5213 4488 501.8 438.8 482.8 4425
14 4323 4323 4345 4750 463.0 482.8 4215 5285 441.8 5025 4383 4713 4270

15 436.3 439.0 4345 466.0 4593 471.8 430.8 5133 4445 4965 432.0 4558 429.0
16 4358 435.8 4313 4623 468.0 467.8 4275 5155 433.0 490.8 4295 477.8 4285

17 452.0 452.0 427.8 463.8 4573 469.8 4245 507.0 438.5 4825 4253 456.8 427.0

18 429.8 438.8 418.0 462.8 4548 467.5 4153 507.5 435.0 483.8 4175 4675 4163

19 4345 4345 4270 467.0 4548 4548 406.0 4975 4245 476.0 4225 4393 4185
20 4323 4323 4253  455.0 450.8 450.0 4085 5003 432.8 486.0 419.0 456.0 4150
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Fig.11 Influence of speed changes on evacuation time (Plan 2)
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Table 9 Evacuation time under condition 8 after changing proportion of the elderly
. 10% 20% 30% 40%
BRGNS %= k- k- k- k- k- R
0 563.3 552.5 590.3 584.0 631.3 632.5 663.5 655.5
1 557.3 553.8 587.5 591.3 645.8 619.3 657.0 649.8
2 568.3 5443 582.3 572.8 620.0 615.3 651.3 646.5
3 565.8 547.3 575.3 568.5 619.3 601.5 643.0 639.0
4 539.3 5353 559.0 562.5 593.3 614.3 643.3 640.5
5 5355 543.0 558.0 559.8 603.3 594.0 650.5 631.3
6 537.5 532.5 558.0 551.8 600.5 578.3 626.5 629.3
7 536.8 527.3 548.8 5423 603.0 596.3 612.8 619.3
8 525.8 524.5 558.8 547.3 581.8 578.3 617.5 617.8
9 516.0 524.8 546.0 540.8 579.8 590.8 625.0 612.0
10 507.3 512.3 526.0 537.0 581.0 579.8 597.8 612.0
11 512.3 498.0 532.0 531.8 580.8 574.0 593.3 590.8
12 506.0 496.0 518.3 528.3 568.5 575.8 600.5 598.3
13 511.3 495.5 526.0 521.3 574.5 570.0 607.0 599.8
14 494.0 490.8 536.3 528.5 553.3 559.5 597.0 588.0
15 500.8 483.5 520.8 513.3 551.5 559.8 584.0 588.0
16 494.3 483.5 516.3 515.5 554.5 550.8 580.3 574.0
17 487.5 487.0 520.0 507.0 557.0 542.0 569.3 572.5
18 480.8 483.0 511.0 507.5 549.5 537.5 572.5 585.0
19 476.8 483.0 510.3 497.5 555.3 539.0 564.3 570.3
20 478.0 475.0 499.8 500.3 533.0 530.0 555.5 563.5

T (Ffes)
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Table 10 Evacuation time under condition 11 after changing proportion of the elderly

R R LA (% ) 1% 2% 0% o
T— TR Tis— TR T — TR T — I -
0 462.5 468.3 483.5 478.5 505.5 511.0 542.8 541.3
1 449.0 468.3 490.0 483.5 494.5 514.3 538.0 5393
2 450.5 458.0 469.8 476.3 501.3 505.5 543.8 539.0
3 451.0 459.5 476.5 471.5 504.5 495.5 522.8 542.5
4 447.8 454.3 464.5 470.3 501.0 492.0 516.8 530.3
5 439.3 448.8 462.5 471.3 490.8 492.3 521.5 520.5
6 432.8 437.0 466.0 468.0 483.5 483.0 517.0 520.0
7 433.0 439.5 460.0 465.8 474.3 478.5 517.3 516.8
8 432.0 445.5 453.3 444.5 488.8 480.8 507.8 498.5
9 427.5 431.5 449.5 450.5 485.0 475.3 508.0 505.5
10 429.0 430.5 449.5 455.3 469.8 479.3 506.5 501.8
11 424.8 432.5 442.8 450.3 464.5 461.8 500.8 498.3
12 418.5 421.0 440.8 441.3 456.0 468.0 495.5 488.5
13 409.5 427.0 435.3 438.8 459.3 461.5 484.8 484.3
14 410.8 4243 434.0 438.3 450.0 459.5 476.5 484.8
15 412.3 416.3 427.0 432.0 452.5 458.3 493.3 482.0
16 411.3 412.3 425.0 429.5 446.8 442.8 483.3 471.0
17 399.8 403.0 425.5 425.3 4433 443.3 478.5 472.3
18 393.8 404.0 420.5 417.5 434.3 441.8 468.5 468.0
19 399.3 405.3 417.8 422.5 435.8 445.5 459.3 472.8
20 392.8 403.8 418.8 419.0 435.8 437.8 461.5 467.8
T (AL es)
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Fig.12  Emergency evacuation measures during fire disaster
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